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(54) METHOD FOR MANUFACTURING FILM BULK WAVE ACOUSTIC RESONATOR 
AND TRANSMISSION AND RECEPTION SWITCH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method which yields a very abrupt roll-off during the 
operation of an acoustic resonator array and a 
transmission and reception switch obtained as a result. 
SOLUTION: In the method for manufacturing an FBAR 
(Film Bulk Acoustic Resonator) array and the 
transmission and reception switch, 1 st and 2nd FBAR 
filters are formed by forming 1st and 2nd FBARs so that 
1 st and 2nd target effective frequency responses and 
1st and 2nd target effective coupling coefficients can be 
obtained by selecting a 1 st target frequency response 
and a 1st target effective coupling coefficient for 
operating a 1st FBAR filter and a 2nd target frequency 
response and a 2nd target effective coupling coefficient 
for operating a 2nd FBAR filter, substantially making the 
1st target effective coupling efficient worse than the 2nd 
target effective coupling coefficient, and determining the 
film thicknesses (94, 90, 92; 100, 96, 98) of piezoelectric 
layers and electrode layers, and thus obtaining the 1st 
target effective coupling coefficient which is substantially made worse. 
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(57) mm 

»l©»«A;l/^jft*»««« (FBA 
R) 7*;i^S»ftsj^S»l©B«H8»JfcSi*l 
©S«*3MS£«ft«iI*lU $2fflFBAR7-fM 

liillffll)? (94. 90. 92;100. 96. 
9 8) 4ft£LT. wlfcmiRZf&2<Dmmm$L&.l& 1 8 

t Miem i r # » 2 ogs^ts^flift^ftenij: a 

tCHtrfBmiRr>*m2©FBAR^Jgfi)cL. irniCfcOlKr 
-5 cfc ? (C 3 -e-THtliem 1 Rtf H 2©FBAR7>fM2: 




1 

MUM 1 1 JB 1 ©l«AJ^ ( F B A 

R) 7-r;!/^*ftfPS-fr-5»l©B««jfi**St*l 

m 2 (7) F B A R ^ ^ ^gj^^-fr^m 2 (D g^fe^C 

^ot, mreiB i ® s«R«3&iir^ff sc^mesB 2 o> b* 

b» 1^2 <os*j§attft«:«<i:Mreffi 1 ft^sss 2 co 
s iie-&«ft t *«» s n* <t 3 fctfteft 1 a » 2 

©FBAR^Ml, J}ES1©FBAR7^^0'> 

2 co F B AR^irlKSn&timiU: V h±Z < , 
C ft £ 0 ffiEiR m \z t£ nt ^ £ fB 1 CO g flH^» 

(fflEWPtWttfcX:?*, SufSmift^2cOFBAR 

im&m 2 ] mmm t «»©^«t57 ^ ^ 

fiJE«^ 1 fttffg 2(DFBAR7^ ;^CO^T(?)ti 
10FBAR7>{M tCO ^T<£>mZtt&Wtmm 2 CD F 

tr^if i kew©;***. 
[«f*3B 3 ] mess i o Bswftsa^-rs wsbx^ 

>y7^\ 2. 5%^^>4. 0%<O«Hft<Dfi*aSi*r-5 

7-*y7tfi. 4. 0%^e>6. 0%co^ffl|*l<OfiI£jItR-r 
S^ry y^r^^r 1 JCE«©^ 

[§»2Rjg4] i^ifjf !7 ^ <h bTlafB^ 1 CO F B A R 
:?^;^<h, §ft^>f ^<hUTHtffem2(DF BAR7 

[W *E 5] «lE»l&tf»2a)FBAR7>f;^$ 

^A<BKK£ffirEtt«JB£ LTtf^U :/^>a>KR<h£ 
K« 1 (OF B AR7>f ;^©WE«Ii^l»E« 
2<&FBAR<B««»<OKJp<0 1. 2f&^€>2. 8{£cO 

«BH<oigijp£WT 3 c £ *w«<fc*r* flMwt i izmm<D 
mmm 6 ] fflEaftx^ ^ ffiE» 1 acx* 2 co 

FBAR0MXT7^ ffirES2©B«HSft«S: 
JB 1 co g*Mttft«««S£T £ C t £^Tfr C t 
CIfi*S7] (FBAR) CO 
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mZ7 4 )l?m$Lft\Z&^X'>t&< th 1 0(0 FBAR 
£**A*-<!:LTRf|-U H9E«*A*-{C^ttSffirE7 
>r ^^«fie<o«*agft&fflaicii^:$^oBEF BAR 

co@^ot: o -y>x^giKW{cif^u, m&mmtsn 

X & fcfc £-r-*f (0*ffi« FBAR(h UT8JE«* A*~ 

10 WE7^^^»«a>«iaas-C««»©il»t»T-5JEE 
«Jia>fflW<0Jfc«:fcRU iffiEBKHffift£«£lffiEB 

WEIt*a«LTH#©«e^«»ci:t)*)l»k:^a^* 

[w*3H 8 ] m&mmtstifcmmmF\ fbar <t mm 
(fbar) n-ri> 

WMfeWt ^flfeS^JFBARt §SM?U FBARtH 

1"^§MFBAR7l/<(!:^fe, 

iE2«FBAR7K^MES«FBAR7K©* 

E*K»K:«»fcfc^3»»^«Sctt, MfBSffFBAR 

7 u-r<oMieFB ARj:D feHHM^jMp©^:#&ea 

^ft^SMfCJSipcO/h^^EE^^, BttEBIfiFBA 
R7H (04>& < £ fe»O^<0 FBARlCffi^SCtlC 

9 ] ffi FBARTl/'f (h§flF BAR 

7KH &&#9\£>SiT?±X (CDMA) /t-y^ 

;uiifivx^A (pes) ftx*(DWift£Kmvk<D$>z>m 

%L&Zm?Z> Z t. €r«r« tr*»*3H 8 k:E«©2SS«J 

i o ] mrnmrn fbar7k cohijis^ < 

tfe^<OMFBAR*«. -?-n-enffifE«ffiBO^JK 
!P*c»U»^--fe<0iti:3a:SJfrE£E*JlB[J¥*^rbT^ 
0, KJttt, mES«B^JFBARi:ffifES«36WFB 
40 ARJCOliT<D89E«ffi«<D±lBJS(c*fr^S9EIEaH 

8 JCE»OSIg«jai». 

1 1 ] #ufZ4>& < i: t>-gB(0 FBAR CDftffB 
««BK:*ttaWE±KJP^ ItESfflWIFBARR 

«ess»j fbar \z-D^T<Dwimmmm<Dikmm 

<oi. 2^^2. 8fgo«BHF*g{cab^c<h«:#®<h-r 

2] »l©FBAR7>f;W*||fPSt5 
50 «tWfy^> 



(3) 

3 

m 2 <d f b a r 7 >r )v? -esse 2 <d Bmm&$k 
itetg i ©a t»EJB i <ommxam&to 

^cfc 0 fc*€??a:|ia!rtS^«»i:**«>TWE* 1 CDF B 

MBS 2 0> @ £ mflB^ 2 © B «H3!ie^ffi 
&£ZM&Twimm 2<^FBAR7^f i^$i«TS7 
J-vZfh. 10 
tfiasm l cof BAR7>c < £ 1> 1 ^CD F 
BARfC^Jfc^^^fcJgfiRU KglOFBAR 

;^©ffirE*a«^«»€:$efb$-&, ^ntc^oT 
WEaKoaa^sftJB^WR^ssx^y^&^trs 

9JFBAR*g^£gS^t-£X^y:/£^> I^FBA 
R**K-b*:»*U Rfi9JFBAR«j§fc:&<&S«JI 

BAR«iS*<WE»lRV*2©B««»[»««k:3IK 20 

[§**B1 4] B&Efi9JFBAR«jg£Hig'r£BaE 
XT7^1 1 40 OMHz^^l 6 00MHz (7)IBH 

©sttEftfiH»***-r s * 3 ffise ttii^Mt 

BUfB^ l£OFBAR7>fi^il20FBAR7^M 

SB 1 fttfSS 2©l8fMSS^ItBCDMA©PC S 
cDftfftSifttt&feoJ:3Jc-r^Xxy^^tJ^i:& 30 

[flF#£l 5] fflE3>^>^<B^£X7^y:/te* S 

tffcOTfctK WfBmi<DFBAR^^ J^Rtf*2© 
FBAR7>fM©MXr7^1 ffifeS&Ji-vCDiiU 
IBS 1 20FBAR7>rW©FB ARiA«d 

[0 0 0 1 ] 

^«#«2§fc|II 40 

[0 0 0 2] 

W5o £(0«(D«jSJC:fc^T, 2£§«J«g (duplexe 
r) J4Utfbtf*a«*88*A**tm**ttt«-r-5 
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[0003] 3i§«j«!g<B i aas«ai 
■tiftfhTu*. #a«^K« 

ir—->a >T^(tAnf>nT^^^o fai&fcb* SIS 
[0 0 0 4] «ffiffi«7;/U^-^a >ffl£LT£B* 

tt, «ffir^3f5«^/1-y^il«'>A^A (PCS) §£ 

3t§«H*gi 4<oitm#-h 1 2\zmm^nx^^. it 
s«i««tt*fc, sfiHtoffia^FJaws (lna> is 

[0 0 0 5] iSSttSIS 1 4 tt % i£fs#- h 1 2 £8« 
*-M6 tT>^^-#-h2 0^Wt^3*~hgf 
T&£o 2SS»*»M:, ^©rt»fc£«#«:7-r;i^2 
4 tSfli*«7 >fM2 6 <h^fflg 2 8 H 
£«, 2-DCD7 J )V9 2 4, 2 6 (Dffijafflf««. 
SI 0&^UTA*Sn*3l««^i:2««*raWSl3: 

[0 0 0 6] M^M14©M7^;^2 4, 2 6 
T£]«Snft**ii'BSl 8<0A*ffl^*&>n*/M»ffi 

Ktt- 1 0 0 d BmgST^ 0 , fiSte** 
2 8 dBm(D!B*£#'r*a!««**ft«T*. 
*S14H 7>rt*-h2 0<h§fi^-h 1 6©M 
T3l««#&»5 0dB**3-a\ 5«3S-hT2«« 

^icfiAL/fc^A/ftasaww^feiasi^ittts^iaft 

[0007] &mnmmiz$$^Tm^£>tiz>pcs<D— 
m\t* n^m^my^^T, (cdma) &mmLw 

So CDMACOPC Siijttfflf«fijlRWfC 1 9 2 0MH 

zi:w^tit^D, ms:wm^m\z^>^xmm 



5 

5jwclt*5<. mM&m3o\z. kk^^sta^zfvi 

4H **0»«t-3dB«tOt)6»T«5C(i:^ff 

MfflS«T5 0dB^, SiIMflt4 6dB 

HU 1 9 2 0MHz£j2T3§£T3 o 3l««#*tS« 
«*«tt«S«&R<D»3. 0%T^0, ZCDfctimtb 

t»jftft65i:n-W7 3 6(if^Jftfig (shunt re 
sonators) (D^tefCcfco T&5£2*1, fl5«ifcffllG>S£:« 
jR&Stflcn— ;M-7 3 8tti*^J#«B (series reson 
ators) <&1£ttlc£oTft££n£o 

[0008] »3«*»fc^T©tt©»Ktt, m^#L 
aKfttoadjic**. simairtoH i o«*«bs i o 

tt, 2i§«J»S 1 4 (OSSW-R- h 1 2 K 1 V v Y (DM* 

[0 0 0 9] B3*#»!U 2!»»*S1 4*SSK# 

H§§ (film bulk acoustic resonator ; F B A R) 71/ 
^40«h§l|FBAR7K42^tJo iMItt F B A R 
7Htt> -^0l^iJFBAR44, 4 6t2^©»J 
FBAR 5 0, 5 2^Sn2g7y-08^§o fi 
?iJFBARtei£{t#-b 1 2 t7>Tt*-h2 0£CD 

M^7>HtilMFBAR|By-Ki:©Hl:*«l/T 
FBAR7K^gft ^n-?niO©E^JF 
BARtlO0t|llFBAR^6«*$nT^5. Mff 

4 6 i:ui^/\-^i^n^.o 

[0 0 10] SiiFBARTKH 3g*(7/2 
S) ^^y-lHlg§T^^o 1/2111 l^<7)fi^JFB 
AR^l^t^iFBAR^^e^CW^nSo #J 
^I4 2I:«oTH l/2gttiMFBAR6 0T* 
<5o FBARTKIt 3 ^OOtfl^jF B A R 5 4 , 5 
6, 58(h4O©»JFBAR6 0, 6 2, 6 4, 6 6 
^T^§o i^iJFBARH 9 0g^ffl§§2 8 

6©Hf:IM«aLT»S. M^iJFBAR 
tt. «ft«3ft*»^B^JFBARIB/--K«!:©m»w»j|« 

[0 0 11] 9 0g»2 8 <hbTOffl^{CjiUfc[Hl 
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[0012] lf|FBAR7l/<4 0 ftiC&^T* 
^IJFBAR44, 4 6te> 1 8 8 0 MH z Cti^Wt 
SHi;#S«iK» (fr Tx ) ^SLT^S, H«tC. m. 

^jfbarso, 5 2temc&mm$L$k*iiT%rf. m 
j\\FBAR<D^mm^mtmnmzi. 3. 0 

% («Mal. 6%) ffi^JFBARt&^ftcfcDfc 

[0 0 13] SS»87^M2 6CDS<i«F BAR7 
K4 2t)$^ l^i;fr Rx ^Stai^lFBAR 5 
10 4, 5 6, 5 8 fi^JFBAR<D#fiH»»f r Rx £ 
\*3. 0 XS^S B U*fiHft»*tt-5^J F B A R 

6 0, 6 2, 6 4, 6 6^b^o f r Rx te 

1 9 6 OMHzlCtMtn. 

[0 0 14] H2JC*Ufc««»J(S*^«tC»»&2fe« 

«*£®FBAR<oaiaias^^*«x* 
20 xmmt.znxi*tz.o jBitxs©is*tbT, mm^ 

, SWiQ£:fciB£*t;k£-tf*fc«>k t 2 

[0 0 15] 
30 [0 0 16] 

SBi^-f^rtOFBAROSHJfifft 
fffttt. HU8S«I«8S©Sfii«7>r;WOFBAR 

#«g©*8M«^ffRte, ««»flD±Btfltfc:#T*ffi« 
fc, FBAR«JS<OBWtt««»©l«»ft*/hfc:b, 
3. WAH £©B#©«Rtt, 7. 0X^58. 0% 

«fbar7>tm <Di£&&mzmmm<D±mmztt 

TZZti&XZZo W»&5#Sra«Rtt««-fiE«X 

so sts*. stmy >( )u*<D-m*:isX* sn&Mmtii®: 



(5) 



sm»ufcs* : Eu^x> (Mo) nm&mm&mtinz 

it, mt7)l^^0A (A 1 N) (DmmZffi'PZ&Z^ 
tX\ 2. 5%^b4. 0 

tt, 5« "7-f ^a>FBARfi»jaET*»»COl»TiBS 

So 

[0 0 17] C<OHM««cftS*»*fi8»TU-f ©HiS 

FBARMfl (Tx) 7^^«$t^$ 10 

T7^, FBAR§{§$| (Rx) £»jf££-££m2<7> 

n®ig&%&<Dm&izm^T&&2tiz>o z<d^ 

\t. Tx F B AR©'>^< ife 1 Ol:^^T©«*St 
fcttfiMBtJ»<Z>H«S:'&2K :m:<tOTxFBAR7 

4 )v?ft%itzntc%&*^z&o\z^-z>o tit, 

[0 0 18] 2 0<B!7>f ;i^<0»iSfflgT* fS«^« 

ft5FBARTx7>fW©tilH «tOflSli«» 

R x 7>f jl/^COf II©R*© 1 . 2fS^6 
2. Sfg^ffiffl^Lft^^JP^WTSCchi:^^^., 09 
CDMA©PCSS»i:SSItto*S3iMSB{c: 
*3^T* Rx7>fjW5. 6%£>£5. 8%(D^ffl(£> 
IS^M^O[:2 2 0 nm (2 2 0 0^>^hD 30 

-a) <Dmmmmmt2. 2^^a>a)f^m^mm^ 

hfcO:. --ft, Tx7>fJW3. I%^«b3. 2%(D 
«H©lS'&«»^»S©fC4 5 0 nm (45 0 0t>^ 
Xhn-A) <7)mffiHI8iJ¥£*TO8 0 0 nm (8 0 0 0 

u-)\,*7<ommm rx7^j^j:h 

[0019] 1^7^J^-y3>T, plrl(7)FBA 

©a«FBARJc:«>eT— 3*<7)il[^J«SR$nfc^:ffi«fF 
BARilTS^n^ ^®«FBARIi @JKF 
BARcDB«<D2{§<Z)M«££tf>3o 
«Lfc36B[^J(Djift^t>-fr («*©«««BlHlKt||[W 

BAR0@^>e-y>xc^^ mi3mm&4& 

[0 0 2 0] **?B©m2©^Jfi«|fC43^T. &<tm?J) 
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M ?U J c 3 > =r > It £ J£J* T & C £ f d ck o T if & £ ft 3 . 

y^k:*lr»TER$ftS»»ftfflliT»«SftS. #J*- 
tf, FBARRififfiKlBER (XE*) T^m^/l^EE^H • 

< <fcfc 1 OWFB ARK&^JKllTSn^^^fifc 

^ ? zmm-rzoT'itts: < m®L±.\znmmj&Mm<r>m 

ffi^3>5 :; >it^M»^{^DT^^S^t>fceL, *ft 
tckbTHJft»tt*t^^^ft*cfc5 9lo»eft*. 

[0021] m,2<D^mte&<om*&mTz>z.£-e$> 

D» Cfttt*fi«*rtB**Hjft»rft*-e:*^Rtb 
Tftjft/^y H*ffi«TS<D{cSe*^6ffl^^ft"C^fc. 
£0>3§2CD:£ffittff£L^t>0>T&D* WcCb^l^) 

T^^ch^^O, 3&0*fcFBARtH«lC3>f>ii' 
«rtS**aStbfcl*tLT!R«5-rsc:i:fc:«J:oT, zi 

0)FBARcfcOt)#*tCfi^«Jfe»T*«tg-rS. ^<£>*U 
5 1 OMHztr^Ht^ 3>f>"!t^l5 10MHz 

izmmr^>zt^\ k«-#ki 5 1 oMHze-^oaa 

dCOC^te, FBAR«igtC#L<i:Ayfc:IgX 
^y^feiiJp-rs^ltttbfC^fiE^ftS, 3>^>^(7) 

tt«(0)B©KJ»«3««lca^c:tfc<fcoTt>fc6*ft 

[0 0 2 2] ±EU^*ffi©fiBftt, ffftlBTU^ 

ft3££l::&£«> ±-asi5«J«8grtt?ffl^©*fi»0 

[0 0 2 3 ] 

[«wa>siift(D»»] b4$#ilt, mm&m7 4)i> 

9 6 8&mm#— b 7 8^e»7>rt#- h 8 
mWtCfi3?'J^L^:4oa)it^JFBAR 7 0, 7 2, 7 
4, 7 6 £^t?t><£<hbTl»lII^LT£>£<> CCD?^ 
;i/^t>£/t> 20(D»JFBAR 8 2, 8 4^t 
Wo ilO»JFBAR82{l 2*BC9I&?iJFBAR 
HICS5JB6^T*0, -*TS2(0»JFBAR8 4^7 
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9 

>Ti-#-btmmF BAR 7 6<Dm\Z&ffiLX&Z>. 

OSIi. I^jFBAR75ci:»JFBAR7 

3I« (Tx) y^ov^^m (Rx) 7>r;i^rt 

*ft<tfclO©FBAR*« 1 'M<i:t)lO(Dffi(0F 
BARC»UT*HWKl*fl:S*T*«SlB»»^«** 
tbTWCtT*5. ffzS&^ffiWK^T, Tx7 
^j^(OFBAR »4«HW»C*ftS*fc*«|*td«*t 10 

[0 0 2 4] FBARS7 0, 7 2RtfFBAR»7 
4, 7 611 rtA/H §»ft©2O0FB 
AROB^JM^, ¥-<£>@gFB ARtcMbTm^^ 
K6 4««tfi**t«. fglOFBARjfcr 7 0, 7 
&FBAR(iggFBAR0Si©2fg 

xj^Ttci^-rs) a*, @^FBAR^>e-^>x 
«FBAR©«««ttRtrai;"tfftJtntfa:63S:t». 

[0 0 2 5] H4CBIMB8 2 8W^l:t9TlIt 
ttfc<, B 1 <Z)8tfig 2 8 ©SSSi-IttStt 5 fe© 

V><> M^JFBAR 8 2, 8 4lt fl>BBOK>^^8 

6, 8 8^ltiiLT^^o O^^^fW- 30 

[0 0 2 6] #FBAR7 0, 7 2, 7 4, 7 5, 7 
6, 7 7ft *V«««Ji£rtttffi*B**tJ. #J;U1 
Tx7^i^6 80E^IFBAR7 4H fflf94^ 
«^1I9 0, 9 2^WSo HUSK* Rx7 
>rW7 30B?i]FBAR7 5H Sfi9 6, 9 8 ^* 
-MEWil 0 omT^S, flE*JI£#&jrr£«ffiJI 
©±KiPfC»-rS£E««9 4©BIJPJfctt. Rx7>fJW 40 
(D&FIF BARffiO!)W0 feTx :7 CDit^J F B 

ARfflO^tSatC/h^licfc^tC^LTfeS. Tf2lc£ 
^Jc»L<ttWr*«fc'5^, JflAnbfcVSJlOMJPtfR 
x7>fM73 {C^-T * Tx7^fM68 
&<t2i£Z>a Tx7^WQIJRx7^1^ 

JK*jBlc*5tts«L*KttR x ^ -r ;i^<d fc<z> <£ 0 t>*^ 

[0 0 2 7] |5it Tx7-f^©6?JFBAR74 
WRx7>f Jl/^CDiS^JFBAR 7 S&m^&fflLWxM 50 
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mm-C&Z>o CCtt), FBAR7401II9O, 9 
2H FBAR75©fI19 6, 9 8cfc0 WctOi 
JPKH^LT**. pjv^;l^6 8, 7 3<ht>, Wx« 
y'j3>fifi&(i:0#-©ifil 0 2_btC^ricLT& 
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(57) [Abstract] 

[Technical problem] The duplexer obtained as a result of [ its ] the 
manufacture approach of bringing about a very steep roll-off at the time 
of actuation of a sound resonator array is offered. 
[Means for Solution] The 1st target frequency response which operates 
the 1st thin film bulk wave sound resonator (FBAR) filter, and the 1st 
target effective coupling coefficient are chosen. The 2nd target 
frequency response which operates the 2nd FBAR filter, and the 2nd 
target effective coupling coefficient are chosen. Degrade said 1st 
target effective coupling coefficient substantially to said 2nd target 
effective coupling coefficient, and the thickness (96 94, 90, 92; 100, 
98) of a piezo-electric layer and an electrode layer is determined. Said 
1st and 2nd FBAR(s) are formed so that said 1st, 2nd target frequency- 
response and said 1st [ the ], and 2nd target effective coupling 
coefficients may be obtained, and it is this. The manufacture approach 
of a FBAR array that make it make it obtained and said 1st target 
effective coupling coefficient degraded substantially forms said 1st and 
2nd FBAR filters, and a duplexer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The step which chooses the step which chooses the 1st target 
frequency response which is characterized by providing the following, 
and which operates the 1st thin film bulk wave sound resonator (FBAR) 
filter, and the 1st target effective coupling coefficient, and the 2nd 
target frequency response which operates the 2nd FBAR filter and the 2nd 
target effective coupling coefficient Said step said whose 1st target 
effective coupling coefficient is what has deteriorated substantially to 
said 2nd target effective coupling coefficient Are the step which - 
determines the thickness of a piezo-electric layer and an electrode 
layer, and said 1st and 2nd FBAR(s) are formed so that said 1st, 2nd 
target frequency-response and said 1st [ the ], and 2nd target effective 
coupling coefficients may be obtained. It includes choosing the 
electrode layer membrane thickness to which it was made to increase 
about at least one electrode layer of said 1st FBAR filter. The step 
from which the this electrode layer membrane thickness to which it was 
made to increase is larger than the electrode layer membrane thickness 
chosen as said 2nd FBAR, and obtains by this said 1st target effective 
coupling coefficient which has deteriorated substantially The step which 
forms said 1st and 2nd FBAR filters based on said thickness and 
ingredient 

[Claim 2] the step which said thickness and ingredient form — said 
every — the decision of the thickness ratio of a piezo-electric layer 
to all the thickness of the electrode about the 1st and 2nd FBAR filters 
— containing — said ratio about said 1st FBAR filter — said ratio 
about said 2nd FBAR filter — the approach according to claim 1 
characterized by being the following. 

[Claim 3] The approach according to claim 1 characterized by said step 



as which said step which chooses said 1st target multiplier chooses said 
2nd target multiplier from 2.5% including the step which chooses the 
value of 4.0% of within the limits containing the step which chooses the 
value of 4.0 to 6.0% of within the limits. 

[Claim 4] The approach according to claim 1 characterized by including 
further the formation step of the duplexer which contains said 2nd FBAR 
filter as the 1st [ said ] FBAR filter and receiving filter as a 
transmitting filter, respectively. 

[Claim 5] the step which forms said 1st and 2nd FBAR filters — 
arrangement of the alumimium nitride as said piezo-electric layer, and 
arrangement of the molybdenum as said electrode layer — containing — 
this — the approach according to claim 1 characterized by said 
electrode layer of the 1st FBAR filter having the thickness of the 2.8 
times [ 1. 2 to ] as many range of the thickness of the electrode layer 
of said 2nd FBAR as this. 

[Claim 6] The approach according to claim 1 characterized by said 
selection step and formation step of said 1st and 2nd FBAR(s) including 
setting the 1st target frequency response which has center frequency as 
less than 100MHz of the center frequency of said 2nd target frequency 
response. 

[Claim 7] The manufacture approach of the sound resonator array 
characterized by providing the following The step which chooses the 
filter configuration of a thin film bulk wave sound resonator (FBAR), 
and obtains a target frequency response and a target effective coupling 
coefficient The step which maintains the target impedance of this FBAR 
substantially and constitutes said power bar as a large area FBAR of the 
pair which series connection is carried out and brings about the 
synthetic impedance corresponding to said target impedance, designing at 
least one FBAR as a power bar in said filter configuration, and 
increasing fairly the power flux density of said filter configuration in 
said power bar Said step including choosing the ratio of the thickness 
of a piezo-electric layer to the thickness of an electrode layer in the 
manufacture process of said filter configuration, choosing said at least 
one ratio at the step which obtains said target frequency response and 
said target effective coupling coefficient, and securing a small 
effective coupling coefficient from the coupling coefficient of a proper 
substantially The step which forms the electrode layer which is the 
manufacture step of said filter configuration and has the thickness 
based on formation of said power bar, and said selected achievement of a 
ratio, and a piezo-electric layer 

[Claim 8] Have the receiving FBAR array characterized by providing the 



following, and it has the effective coupling coefficient with which said 
transmitting FBAR array does not fill substantially the effective 
coupling coefficient of said receiving FBAR array. Said effective 
coupling coefficient which is not filled substantially on the big 
electrode layer and real target of thickness more substantially than 
said FBAR of said receiving FBAR array the piezo-electric small layer of 
thickness The duplexer characterized by realizing by using for some 
FBAR(s) of said transmitting FBAR array at least The transmitting thin 
film bulk wave sound resonator (FBAR) array which has the transmitting 
serial FBAR by which the series connection was carried out, and the 
transmitting juxtaposition FBAR The serial FBAR and reception 
juxtaposition FBAR by which series connection was carried out 
[Claim 9] Said transmitting FBAR array and a receiving FBAR array are a 
duplexer according to claim 8 characterized by having the frequency 
which is compatible with actuation within agreement division multi- 
access (CDMA) personal communication system (PCS). 

[Claim 10] said piezo-electric layer membrane thickness from which said 
some of FBAR(s) of said transmitting FBAR array serve as a certain fixed 
ratio to all the thickness of said electrode layer, respectively at 
least — having — **** — this — the duplexer according to claim 8 
characterized by not filling substantially the ratio of the thickness of 
said piezo-electric layer to all the thickness of said electrode layer 
about said receiving serial FBAR and said reception juxtaposition FBAR 
with a ratio. 

[Claim 11] The duplexer according to claim 10 with which said all 
thickness in said electrode layer of a part of [ said / at least ] 
FBAR(s) is characterized by being within the limits of 1.2 to 2.8 times 
of all the thickness of said electrode layer about said receiving serial 
FBAR and said reception juxtaposition FBAR. 

[Claim 12] The step which chooses the step which chooses the 1st target 
frequency response which is characterized by providing the following, 
and which operates the 1st FBAR filter, and the 1st target effective 
coupling coefficient, and the 2nd target frequency response which 
operates the 2nd FBAR filter and the 2nd target effective coupling 
coefficient The step which said 1st target effective coupling 
coefficient has degraded to said 2nd target effective coupling 
coefficient The step which forms said 1st FBAR filter in quest of said 
1st target frequency response and a bigger effective coupling 
coefficient than said 1st target effective coupling coefficient The step 
which forms said 2nd FBAR filter in quest of said 2nd target frequency 
response and said 2nd target effective coupling coefficient said at 



least one FBAR of said 1st FBAR filter — juxtaposition — a capacitor - 
- forming — this — the step which said effective coupling coefficient 
of the 1st FBAR filter is degraded, and obtains said 1st target 
effective coupling coefficient by it 

[Claim 13] The formation step of said capacitor is an approach according 
to claim 12 characterized by making it have the resonance frequency 
which adds mass and this individual FBAR structure does not fill with 
carrying out the suspension of this each FBAR on a substrate, and 
forming a golden electrode layer in this individual FBAR structure 
substantially by this at said 1st and 2nd target frequency responses 
including the step which manufactures individual FBAR structure. 
[Claim 14] Said step which manufactures said individual FBAR structure 
The step which forms a piezo-electric layer and an electrode layer so 
that it may have said resonance frequency of the range of 1400 to 
1600MHz is included. The step which forms said 1st FBAR filter and the 
2nd FBAR filter is an approach according to claim 13 characterized by 
including the step in which a piezo-electric layer and an electrode 
layer are formed in, and said 1st and 2nd target acoustic frequency has 
actuation and compatibility of PCS of said CDMA. 

[Claim 15] The formation step of said 1st FBAR filter and the 2nd FBAR 
filter is an approach according to claim 12 characterized by being a 
thing containing the FBAR suspension of said 1st [ the ] to said 
substrate top, and the 2nd FBAR filter including the step to which the 
formation step of said capacitor arranges the piezo-electric layer and 
electrode layer of non-suspension on a substrate. 



[Translation done. ] 
* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] More specifically, this invention relates to 
control of the effective coupling coefficient of a thin film bulk wave 
sound resonator about a sound resonator. 
[0002] 

[Description of the Prior Art] The common signalling channel is combined 
with both the receiver input edge and the transmitter outgoing end in 
the communication link application with which a large number differ. For 
example, the antenna is combined with the receiver and the transmitter 
in the cellular phone or the cordless telephone machine. A duplexer 
(duplexer) is used for often combining a common signalling channel with 
an input edge and an outgoing end in this kind of configuration. 
Preventing that the signal generated by the transmitter combines with 
the input edge of a receiver, the function of a duplexer is in a common 
signalling channel, or is to offer required association from a common 
signalling channel. 

[0003] One mold of a duplexer is called the half-duplex duplexer. The 
switch which connects a common signalling channel to a receiver or a 
transmitter on time-sharing criteria is used for a half-duplex duplexer. 
Although this half-duplex duplexer has a desired joint property and a 
desired damping property, it is not received with much telephone 
communication application. It is because utterance and listening have 
come be made to coincidence as for persons concerned with a message. 
[0004] A kind of the duplexer to which conditions were equal as an 
object for telephone communication applications is a full duplex 
duplexer. A full duplex duplexer operates, only when a sending signal 
has the frequency of an input signal, and a different frequency. The 
band pass filter which separates a sending signal from an input signal 
according to a frequency is built into the full duplex duplexer. Drawing 
1 is drawing which illustrates the conventional circuit used in a 
portable telephone, personal communication system (PCS) equipment, or 
other **/receiving sets. The power amplifier 10 of a transmitter is 
connected to the transmit port 12 of the full duplex duplexer 14. The 
duplexer contains the receive port 16 linked to the low noise amplifier 
(LNA) 18 of a receiver again. In addition to the transmit port and the 
receive port, the antenna port 20 is included in the duplexer 14, and 
this port is connected to the antenna 22. 

[0005] A duplexer 14 is 3 port equipment which has a transmit port 12, a 
receive port 16, and the antenna port 20. The duplexer contains the 
transmitting band-pass filter 24, the receiver band-pass filter 26, and 



the phase shifter 28 in the interior. The passband of two filters 24 and 
26 has a core in the frequency range of the sending signal inputted 
through power amplifier 10, and the input signal with which a receiver 
is aligned, respectively. 

[0006] The requirements for the band-pass filters 24 and 26 of a 
duplexer 14 are strict. A band-pass filter must be separated from the 
large sending signal on the strength to which power amplifier 10 
generates the small input signal on the strength which is generated by 
the antenna 22 and led to the input edge of a low noise amplifier 18. 
Usually, the sensibility of a low noise amplifier is about -100dBm, and 
power amplifier supplies the sending signal which has the reinforcement 
of about 28dBm by one side. The thing it should be made for any residual 
sending signals which the duplexer 14 made decrease about 50dB of 
sending signals between the antenna port 20 and a receive port 16, and 
were mixed in the input signal by the receive port not to exert an 
overload for on a low noise amplifier is called for. 

[0007] The agreement division multi-access (CDMA) is used for a kind of 
PCS used in migration telephone. The PCS wireless band of CDMA has the 
core in 1920MHz substantially, and has the exceptionally strict 
requirements for regulation about the duplexer engine performance. Some 
concern is clarified with reference to drawing 2 . A passband 30. is 
specified by some a pole and some zero points, a pole and a zero point - 
- the equal distance from center frequency 32 — alienation — it is 
arranged. About the passband 30 of a transmitter, the good thing of the 
insertion loss 34 from a transmitter to an antenna is more desirable 
than -3dB in most bands. Separation of the transmitter to a receiver 
port exceeds 50dB in most transmitter bands, and exceeds 46dB in a 
receiver band. The crossover region between a transmitter band and a 
receiver band is generated in nearly 1920MHz. A transmitter band and a 
receiver band are about 3. 0% of carrier frequencies, and, for this 
reason, the very steep filter roll-offs 36 and 38 are required. The pole, 
zero point, and roll-off 36 by the side of low frequency are determined 
by the property of a parallel resonance machine (shunt resonators), and 
the pole, zero point, and roll-off 38 by the side of a RF are determined 
by the property of a series resonance machine (series resonators) so 
that it may explain to the following in more detail. 
[0008] Other pending questions about a duplexer are in achievement of 
the requirements for power processing. The power amplifier 10 of drawing 
1 in a transmitter can feed the transmit port 12 of a duplexer 14 with 
1W power. A band-pass filter 24 must be able to treat such power, 
without being destroyed or degrading the engine performance. 



[0009] With reference to drawing 3 , a duplexer 14 is further explained 
to a detail. A duplexer contains the transmitting thin film bulk wave 
sound resonator (film bulk acoustic resonator ;FBAR) array 40 and the 
receiving FBAR array 42. A transmitting FBAR array is a two-step ladder 
which has two serials 44 and FBAR 46 and two juxtaposition 50 and FBAR 
52. The serial FBAR is connected to the serial between the transmit port 
12 and the antenna port 20, and Juxtaposition FBAR is connected between 
the electric gland and the node between serial FBAR(s) on the other hand 
again. The whole page of a FBAR array consists of one serial FBAR and 
one juxtaposition FBAR, respectively. A power bar is used for each pass 
elements 44 and 46 in order to process the large power generated by 
power amplifier in the filter input edge of a transmitter filter. 
[0010] A receiver FBAR array is the ladder of three step and a half (7/2 
step). 1/2 step is restricted to either one serial FBAR or one 
juxtaposition FBAR. If it is in. the instantiation train 42, 1/2 step is 
juxtaposition FBAR60. The FBAR array includes three serials 54, 56, and 
FBAR 58 and four juxtaposition 60, 62, 64, and FBAR 66. Series 
connection of the serial FBAR has been carried out between the 90-degree 
phase shifter 28 and the receive port 16. Juxtaposition FBAR is 
connected between the electric earth and the node between serial FBAR(s). 
[0011] The circuit which was suitable for the application as a phase 
shifter 28 90 degrees is well-known in this industry, or [ that a phase 
shifter consists of an inductor and a capacitor as an example ] — or it 
is the quarter-wave length transmission line. 

[0012] Each serial 44 and FBAR 46 has the same resonance frequency 
(frTx) which has a core in 1880MHz in the transmitting FBAR array 40. 
Similarly, although juxtaposition 50 and FBAR 52 has the same resonance 
frequency, the resonance frequency of a serial FBAR is 1.0% to 3.0% (in 
general 1.6%) substantially, and is larger than that of Juxtaposition 
FBAR. Consequently, the pole indicated to drawing 2 is brought about. 
[0013] The resonance frequency frRx of the serial 54, 56, and FBAR 58 in 
which the receiver FBAR array 42 of the receiving band-pass filter 26 
also has the same frRx, and a serial FBAR consists of the juxtaposition 
60, 62, 64, and FBAR 66 which has the same resonance frequency different 
3.0%. Here, frRx has a core in 1960MHz. 

[0014] Otherwise, the capacity characteristic called Q and the effective 
coupling coefficient which kt2 is called, are thought as what affects the 
frequency-response configuration shown in drawing 2 . An effective 
coupling coefficient can be considered as a ratio of electrical energy 
to the sound energy in the processing process of specific FBAR. To 
maximize Q and an effective coupling coefficient has so far been made 



into the purpose. As a result of a production process, an effective 
coupling coefficient is made to about 8.0%. making it depend for Q on 
kt2 by the way — or it has been deduced by experiment whether it makes 
it more desirable to reduce kt2 in order to increase Q sharply. This Q 
influences the roll-off of a frequency response. 
[0015] 

[Problem(s) to be Solved by the Invention] The duplexer obtained as a 
result of [ its ] the manufacture approach of bringing about a very 
steep roll-off is needed at the time of actuation of a sound resonator 
array. 
[0016] 

[Means for Solving the Problem] The engine performance of a sound 
resonator array is raised by adjusting the effective coupling 
coefficient of each sound resonator based on the function of a resonator. 
The effective coupling coefficient of FBAR in the example of a duplexer 
and in a transmitting band-pass filter is manufactured so that it may 
have an effective coupling coefficient lower than FBAR of the receiving 
band-pass filter of the same duplexer. In the one example, the 
difference in an effective coupling coefficient is attained by changing 
the thickness of an electrode layer. The effective coupling coefficient 
of a sound resonator is changed to a given frequency by changing the 
thickness ratio of a piezo-electric layer to all the thickness of an 
electrode layer. Generally, it is in the purpose of FBAR manufacture 
making thickness of an electrode layer min, and. offering a "proper" 
effective coupling coefficient by it. For example, the multiplier of 
this proper is in 7.0 to 8.0% of within the limits. However, the 
coupling coefficient of the FBAR filter which has given resonance 
frequency can be adjusted below by decreasing the thickness ratio of a 
piezo-electric layer to all the thickness of an electrode layer. It is 
because it depends for resonance frequency on the "load thickness" 
(namely, physical thickness weighted based on selection of an electrode 
material and piezoelectric material) of an electrode-piezo-electricity 
stack. The thickness of a molybdenum (Mo) electrode is made to increase 
as an example of a transmitting filter, with target resonance frequency 
maintained, and the effective coupling coefficient which deteriorated in 
the range from 2. 5% to 4. 0% can be obtained by decreasing the thickness 
of alumimium nitride (A1N). Similarly, by choosing thickness suitable 
about the layer which forms FBAR of a receiving filter, a receiving 
filter can be manufactured so that it may have the effective coupling 
coefficient of 4.0 to 6.0% of within the limits. 

[0017] The manufacture approach of a sound resonator array which becomes 



this example contains the 1st target frequency range which operates a 
FBAR transmitting (Tx) filter, the selection step of the 1st target 
effective coupling coefficient, and the selection step of the 2nd target 
frequency which operates a FBAR receiver (Rx), and the 2nd target 
effective coupling coefficient. The thickness and the ingredient of the 
piezo-electric layer for forming two FBAR filters and an electrode layer 
are determined based on achievement of target resonance frequency and a 
target effective coupling coefficient. It is made for this decision to 
have the multiplier for which the TxFBAR filter deteriorated by this 
including selection of the electrode layer membrane thickness increased 
about at least one of the TxFBAR (s). And two filters are formed 
according to the selected thickness and the selected ingredient. 
[0018] In the manufacture process of two filters, an electrode material 
is good at molybdenum and piezoelectric material is good at alumimium 
nitride. The electrode layer of the FBARTx filter which has the coupling 
coefficient which deteriorated by using these ingredients will have the 
thickness which can be made into the 2. 8 times [ 1. 2 to ] as many range 
of the thickness of the electrode layer of Rx filter which has a higher 
multiplier as this. For example, in the communication device which is 
compatible with PCS specification of CDMA, Rx filter gives 220nm (2200A), 
electrode layer membrane thickness and 2. 2-micron piezoelectric 
thickness to obtaining the coupling coefficient of 5.8% of range from 
5.6%, and, on the other hand, Tx filter gives 450nm (4500A) electrode * 
layer membrane thickness and the piezoelectric thickness of 800nm of 
outlines (8000A) to obtaining the coupling coefficient of 3.2% of range 
from 3.1%. Q (namely, whenever [ of a roll-off / steep ]) becomes what 
has the high one of Tx filter from Rx filter twice [ about ]. 
[0019]" With one application, in order to increase power capacity in 
accordance with the path of filter equipment, the filter equipment of 
desired FBAR is designed so that at least one a "power bar" may be 
included. A "power bar" is specified as a large area FBAR to which it 
replaced with the single target FBAR here, and series connection of the 
pair was carried out. Each large area FBAR occupies area twice the area 
of Target FBAR. Although the combination (what carried out the series 
connection of the conventional electric equal circuit) of the parallel 
series specified with the power bar maintains the impedance of a power 
bar at the target impedance of Target FBAR, only a quadrant reduces 
power flux density. [0020] In the 2nd example of this invention, a 
degradation effective coupling coefficient is attained by forming a 
capacitor in juxtaposition at some [ at least ] resonators of Tx filter. 
Preferably, a capacitor is formed using the ingredient arranged in the 



manufacture step of a sound resonator array. For example, since an 
effective coupling coefficient is degraded, the electrode layer and the 
piezo-electric layer which are arranged in FBAR manufacture (vacuum 
evaporationo) can be used like the formation fault of the capacitor 
which carries out a parallel arrangement to at least one FBAR of Tx 
filter. However, that not a capacitor but a resonator will be made has 
the concern accompanying use of these layers. The one approach of 
ensuring that an addition component functions as a capacitor is to 
manufacture the electrode-piezo-electricity stack of a direct component 
on a substrate rather than to carry out the suspension of the stack. In 
this way, a means by which a substrate adds mass to a capacitor is 
brought about, and it is pulled so that it may separate from a frequency 
from a core by it. 

[0021] The 2nd approach is using a golden layer and it was used for this 
considering as the means to which the frequency drift of the resonator 
component is carried out, and offering a contact pad from the former. 
This 2nd approach is desirable, because it is because the 2nd approach 
forms the component of Quantity Q to the 1st approach forming a high 
loss capacitor, using a gold layer — and a capacitor functions on a 
frequency very lower than the 1st and 2nd FBAR(s) as a resonator of high 
Q by carrying out suspension like FBAR again, using a capacitor 
component as the independent film. The advantage not only can adjust, 
but even attains to that a duplexer forms parasitism resonance on the 
frequency which does not operate good so that the variation rate of the 
frequency of a capacitor may be carried out from an object frequency. As 
an example, a capacitor resonates by 1510MHz which is the frequency 
which does not operate good [ an established duplexer ] from the 
rejection of energy. By adjusting a capacitor to 1510MHz, the 
installation of the resonator of the specific parallel connected type 
and specific tandem type which reduce leakage of a 1510MHz signal of a 
designer is attained. This is attained without adding any process steps 
to FBAR manufacture. Adjustment of a capacitor is brought about by only 
choosing appropriately the thickness of the gold in the electrode-piezo- 
electricity stack of a capacitor, or other layers. 
[0022] The advantage of the above-mentioned approach is to be raised 
without the engine performance of a sound resonator array having serious 
effect on the manufacture approach. The roll-off of the opposite edge of 
a passband can be adjusted by adjusting the effective coupling 
coefficient of the resonator of each within a full duplex duplexer. 
[0023] 

[Embodiment of the Invention] With reference to drawing 4 , outline 



illustration has been carried out as a thing containing four serials 70, 
72, 74, and FBAR 76 in which the transmitting band-pass filter 68 
carried out series connection electrically from the transmit port 78 to 
the antenna port 80. This filter also contains two juxtaposition FBAR 82 
and 84. The 1st juxtaposition FBAR82 is connected among 2 sets of 
serials FBAR, and the 2nd juxtaposition FBAR84 is connected between the 
antenna port and the serial FBAR 76 by one side. Drawing 4 shows one 
step of receiving filter 73 again. This stage includes a serial FBAR 75 
and juxtaposition FBAR77. The number of stages in a transmitting (Tx) 
filter or a receiving (Rx) filter is not important for this invention so 
that it may explain in more detail below. It is important for a filter 
that at least one FBAR has the effective coupling coefficient 
intentionally degraded to other at least one FBAR. In a suitable example, 
FBAR of Tx filter has the effective coupling coefficient degraded 
intentionally, and, on the other hand, FBAR of Rx filter has a quite 
higher multiplier. 

[0024] a FBAR pair — 70, 72, and a FBAR pair — 74 and 76 are "power 
bars/ 7 The series connection of two FBAR(s) in each set increases power 
flux density only 4 times to the single target FBAR. 1st FBAR pair About 
70 and 72, each FBAR is manufactured so that area twice the area of 
Target FBAR may be occupied. If FBAR is connected to a serial, it will 
increase power flux density, serial-parallel arrangement (it explaining 
below with reference to drawing 7 ) of the conventional resistance 
electrically obtained from the combination of an equivalent circuit and 
a conventional capacitor attaining the impedance of Target FBAR. The 
resonance frequency of FBAR in a power bar must be the same as the 
resonance frequency of the target FBAR "was permuted" with the power bar. 
[0025] For this invention, the phase shifter 28 of drawing 4 has 
explanation of the phase shifter 28 of drawing 1 , and coordination 
rather than is important. If two examples are given, a phase shifter is 
constituted from an inductor and a capacitor, or is good at the quarter- 
wave length transmission line. Each juxtaposition 82 and FBAR 84 is 
grounded through the external inductors 86 and 88. It can also use for 
an inductor arranging the attenuation pole of a juxtaposition bar, and, 
thereby, a passband frequency response presents request properties, such 
as a steep roll-off in a frequency-response outside edge. 
[0026] Each FBAR 70, 72, 74, 75, 76, and 77 contains an external 
electrode layer and an internal piezo-electricity layer. For example, 
the serial FBAR 74 of the Tx filter 68 contains the electrodes 90 and 92 
which pinch the piezo-electric layer 94. Similarly, the serial FBAR 75 
of the Rx filter 73 contains electrodes 96 and 98 and the main piezo- 



electricity layer 100. the direction for the serials FBAR of Tx filter 
from the thing for the juxtaposition FBAR of Rx filter boils markedly 
the thickness ratio of the piezo-electric layer 94 to all the thickness 
of the electrode layer which pinches a piezo-electric layer, and it is 
indicated that it is small. The thickness of the electrode layer which 
increased degrades the coupling coefficient of the Tx filter 68 to the 
Rx filter 73 so that it may explain to the following in more detail. 
Consequently, Q of Tx filter is size from Q of Rx filter, and whenever 
[ in the passband frequency-response edge of Tx filter / steep ] is 
larger than the thing of Rx filter. 

[0027] Drawing 5 is a vertical section side elevation which illustrates 
the serial FBAR 74 of Tx filter, and the serial FBAR 75 of Rx filter. 
Here, the electrode layers 90 and 92 of FBAR74 are considerably 
illustrated to thickness rather than the electrode layers 96 and 98 of 
FBAR75. Both the filters 68 and 73 are formed for example, on the single 
substrates 102, such as a silicon substrate. However, a filter may be 
formed on a separate substrate or may be formed on ingredients other 
than silicon. FBAR is formed in two electrodes 90, 92, and 96 and the 
part which pinches piezoelectric material 94, 100 among 98. Preferably, 
the well 104, 106 is etched in the substrate of the FBAR bottom. 
Consequently, each electrode-piezo-electricity stack which forms FBAR 
serves as film which covered and carried out the suspension of the well, 
and brings the interface of a resonator and air to both sides. Or also 
using the resonator (solidly mounted resonators ;SMR) attached solid, 
without deviating from this invention and a thing are made. Generally, 
SMR includes a sound Bragg reflection object on those bases so that a 
big acoustic impedance may be brought about. The Bragg reflection object 
is made of the layer with which the acoustic-impedance ingredient of 
height laps by turns, and each class has the thickness of quarter-wave 
length substantially [ the resonance frequency of FBAR ]. Some FBAR(s) 
share a single well between a part of applications. 
[0028] It depends for drawing 4 , the individual serial FBAR 74 of 5, 
and the property of 75 on the layer membrane thickness and the 
ingredient of an electrode-piezo-electricity stack. Although a suitable 
ingredient to form the piezo-electric layer 94, 100 is alumimium nitride, 
other ingredients (for example, zinc oxide) can be used. Although an 
usable electrode material is molybdenum, other metals (for example, 
aluminum, tungsten metallurgy, and titanium) can also be substituted for 
it. It depends for the property of FBAR on geometric factors, such as 
thickness of for example, a piezo-electric layer, thickness of an 
electrode, or an inter-electrode duplication field, for a given 



electrode and piezoelectric material. For example, it depends for 
resonance frequency on the "load thickness" of an electrode-piezo- 
electricity stack. Load thickness is the physical thickness which 
performed adjustment based on selection of an electrode material and 
piezoelectric material. This adjustment is required, because it is 
because acoustic velocity also differs if ingredients differ. By 
changing the load thickness of one side of an electrode, or both, the 
load thickness of an electrode-piezo-electricity stack changes and the 
resonance frequency of a stack is adjusted by it. 

[0029] The layer membrane thickness of an electrode-piezo-electricity 
stack also affects an effective coupling coefficient (kt2 of the Tx 
filter 68 and the Rx filter 73). According to this invention, the 
effective coupling coefficient of a filter is adjusted based on a 
filtering function. By giving an effective coupling coefficient lower 
than the Rx filter 73 to the Tx filter 68, a CDMA compatible duplexer 
presents a desirable property. Between a transmitter passband and a 
receiver passband, a crossover region exists so that it may be 
especially mentioned with reference to drawing 1 -3. FBAR 70, 72, 74, 
and 76 of a serial Tx filter has considerable effect on the property of 
the transmitter passband in a crossover region. The duplexer engine 
performance is raised by degrading an effective coupling coefficient 
intentionally, maintaining the resonance frequency demanded on a 
specification. As described above, reduction of Tx filter of kt2 
increases the Q, and a thereby steeper roll-off is attained. 
[0030] In drawing 5 , the sectional view of TxFBAR74 and RxFBAR75 shows 
the difference in the thickness ratio of a piezo-electric layer to all 
the thickness of an electrode layer. About TxFBAR74, the ratio is fairly 
lower than that of RxFBAR75. So, the effective coupling coefficient of 
Tx filter will become fairly lower than the coupling coefficient of Rx 
filter. Generally, the purpose of manufacture of FBAR is to make 
thickness of an electrode layer into min. By this, the effective 
coupling coefficient of the proper of the range from 7.0% to 8.0% is 
brought about. In drawing 5 , the electrode layers 96 and 98 used for a 
convention of RxFBAR75 can be formed with the molybdenum which has 220nm 
(2200A) of thickness. The part of the piezo-electric layer 100 which 
forms RxFBAR is alumimium nitride which has 2. 2-micron thickness 
substantially. While the resonance frequency demanded on the 
specification for CDMA compatible transmitting filters is brought about 
by this, the effective coupling coefficient of 5.6 to 5.8% of range is 
brought about. 

[0031] TxFBAR74 is formed so that it may have the effective coupling 



coefficient by which the Tx filter 68 was degraded intentionally. Top 
molybdenum and the pars-basilaris-ossis-occipitalis electrodes 90 and 92 
have 450nm (4500A) thickness substantially, and the thickness of the 
related part of the piezo-electric layer 94 is 800nm (8000A) 
substantially in one side. While the resonance frequency demanded on a 
specification is brought about by this, the effective coupling 
coefficient of 3. 1 to 3. 2% of range is brought about. 
[0032] About the Tx filter 68 and the Rx filter 73 which were formed 
based on the specified layer membrane thickness, Tx filter has Q twice 
the cheek of Rx filter. Consequently, whenever [ of Tx filter frequency- 
response edge / steep ] will become quite big. 

[0033] Now, with reference to drawing 6 , the process flow of the 
manufacture step of the FBAR (coefficient-differentiated) filter which 
gave the multiplier gap which becomes this invention is explained here. 
In step 108, a target frequency response and a target effective coupling 
coefficient are chosen about the 1st FBAR filter. Like the formation 
fault of the transmitting filter 68 of drawing 4 , the 1st FBAR is the 
Tx filter 68. It depends for a target frequency response on desired 
application. For example, if it is in a duplexer with the requirements 
for CDMA, and compatibility, a target frequency response will center on 
1880MHz (namely, frTx=1880MHz) . 

[0034] In step 110, a target frequency response and a target effective 
coupling coefficient are chosen as the 2nd FBAR filter. Again with 
reference to drawing 4 , the 2nd FBAR filter is the RxFBAR filter 73, 
and, for this reason, it is frTx=1960MHz. In the suitable example, the 
1st target coupling coefficient is chosen from 2. 5%t by 4.0% of within 
the limits, and, on the other hand, the 2nd target coupling coefficient 
is chosen from 4.0% by 6.0% of within the limits again. 
[0035] A transmitting FBAR filter, the layer membrane thickness for 
receiving FBAR filter manufacture, and an ingredient are determined in 
step 112. This step makes it the positive thing for the effective 
coupling coefficient of a TxFBAR filter to deteriorate to the coupling 
coefficient of the RxFBAR filter 73 by it including selection of the 
electrode layer membrane thickness to which it was made to increase 
about at least one electrode layer of the TxFBAR filter 68. This needs 
specification of the thickness ratio of a piezo-electric layer to all 
the thickness of an electrode layer about each of a TxFBAR filter and a 
RxFBAR filter, the ratio about a RxFBAR filter [ finishing / 
specification / the ratio about a TxFBAR filter ] — it is the following, 
because is because a target effective coupling coefficient is reduced 
about a TxFBAR filter. In order to make manufacture easy, the ingredient 



for a TxFBAR filter and a RxFBAR filter is preferably the same. However, 
this is not important. By choosing an ingredient which is different in 
two filters from which a multiplier differs, it is because it is 
attained to some extent. 

[0036] FBAR is produced in step 114. Filters 68 and 73 can be formed on 
the same substrate 102, as shown in drawing 5 . However, compared with 
forming a filter on a separate substrate and interconnecting a filter 
after that, it is advantageous in respect of a process. It is difficult 
to carry out adjustable [ of the thickness of an electrode layer and a 
piezo-electric layer ] on a single substrate. Forming FBAR on a separate 
substrate removes the difficulty. When forming FBAR on the same 
substrate, the part which thickness increases is attained by preparing a 
multiplex vacuum evaporationo (multiplex arrangement) step. For example, 
like the formation fault of the bottom electrode layer 92 of drawing 5 , 
after a layer reaches the request thickness of the electrode layer 98, 
molybdenum vacuum evaporationo can be interrupted temporarily. Then, a 
masking layer is vapor-deposited to the field of FBAR75, and this 
resumes molybdenum vacuum evaporationo only in the field of a serial 
FBAR 74. The same multiplex step vacuum evaporationo process can be 
prepared in the piezo-electric layers 100. Two top electrodes 90 and 96 
can be formed similarly. 

[0037] Although the 1st example of this invention was explained as what 
is used in FBAR which has a single piezo-electric layer, this invention 
can be extended to Laminating FBAR, without deviating from person- 
concerned level. That is, the FBAR array which has the laminating piezo- 
electricity layer divided by the electrode layer gains the filter shape 
of the manual request assembled so that it might have the adjusted 
effective coupling coefficient. 

[0038] The approach of correcting the thickness ratio of a piezo- 
electric layer to all the thickness of an electrode layer becomes one 
means for adjusting the effective coupling coefficient of different FBAR 
within a FBAR array. 2nd means to adjust an effective coupling 
coefficient is forming a capacitor in selected FBAR and juxtaposition. 
The parallel connection of a capacitor degrades an effective coupling 
coefficient so that it may explain in more detail below. Use of this 
capacitor that degrades an effective coupling coefficient can also be 
used for the design of Tx filter and Rx filter, and applications other 
than manufacture. 

[0039] Drawing 7 is an electrical equivalent circuit diagram about FBAR. 
The circuit is well-known in this industry as a corrected Butterworth 
Van Dyck circuit. The main invalid elements are the juxtaposition 



electrostatic capacity (CP) 116, and are electrostatic capacity 
specified according to the structure of an electrode layer and a piezo- 
electric layer. A piezo-electric layer functions as a dielectric for the 
juxtaposition electrostatic capacity 116. Plate resistance (RP) 118 
expresses the series resistance of the juxtaposition electrostatic 
capacity 116, and resistance (RS) 120 expresses the electric series 
connection resistance between the contacts 122, 124 of an electrode- 
piezo-electricity stack. The contact 122, 124 is made ofgold from the 
former. 

[0040] an inductance — (— LM — ) — 126 — capacity — (— CM — ) ~ 
128 — resistance — (— RM — ) — 130 — series connection ~ FBAR ~ 
piezo-electricity — a property — originating — sound — dynamic — an 
expression — it is . An effective coupling coefficient is directly 
related to the ratio of the dynamic electrostatic capacity 128 to the 
plate electrostatic capacity 116 in the process of a FBAR filter of 
operation in which it has FBAR manufactured using drawing 5 and the step 
indicated with reference to 6. However, the plate electrostatic capacity 
116 increases, keeping the dynamic electrostatic capacity 128 constant 
by adding electrostatic capacity (CNEW) 132, as shown in drawing 8 . By 
arranging electrostatic capacity 132 to each target FBAR and 
juxtaposition, the effective coupling coefficient of a FBAR filter is 
reduced controllable. By adding another resonator of the same frequency 
as FBAR and juxtaposition, in both, the capacity 116, 128 of drawing 7 
increases, and the point that a ratio stops influencing in this way 
should be mentioned especially. Clearly, the capacitor brings about a 
desired result rather than a resonator. 

[0041] Preferably, the addition electrostatic capacity 132 is 
manufactured using the same ingredient and the technique as using for 
manufacture of FBAR. That not a capacitor but a resonator will be formed 
has the concern to forming a capacitor, using a piezo-electric layer as 
a dielectric, using a crowning and a pars-basilaris-ossis-occipitalis 
electrode layer as a plate. Therefore, mass should be added to new 
equipment so that it may not resonate in one of the object frequencies. 
With reference to drawing 9 , one technique which carries out mass 
addition at new equipment is to make the capacitor stack 134 directly on 
the front face of a substrate 136. In this, it separates from resonance 
frequency from a core. That is, carrying out the suspension of the FBAR 
on a substrate by forming a well 140, in spite of having had the 
thickness as the layer 15 of influenced FBAR138 with the same layer of 
the capacitor stack 134, although this capacitor stack is formed on the 
front face of the direct substrate 136 therefore, frequencies differ. 



The connection which brings about an electric parallel arrangement in 
order to distinguish the capacitor stack 134 from the FBAR stack 138 
appropriately is not illustrated. 

[0042] The technique which forms the capacitor stack 134 in the front 
face of the direct substrate 136 enables adjustment of the coupling 
coefficient of the influenced FBAR filter, as explained with reference 
to drawing 8 . The concern to this approach is working as a converter to 
which a capacitor stack' s spreads energy to a substrate 136. Since the 
substrate is comparatively thick, many frequencies can be transmitted. 
In this way, this new equipment becomes what has many loss against an 
intention. 

[0043] When drawing 10 is referred to here, other approaches of forming 
the electrostatic capacity 132 of drawing 8 are applying a gold layer 
142 to the crowning of the capacitor stack formed on a well 144. The 
component of the same drawing 10 as the thing of drawing 9 has the same 
reference agreement. In this way, the only difference between drawing 9 
and the approach of 10 is using the addition gold layer 142 and the 
addition well 144. Preferably, a gold layer is the same layer as what 
has been used for the contact pad formation for a FBAR array from the 
former. Addition of a gold layer reduces the resonance frequency of a 
stack 134. It is because it increases the load thickness of an electrode. 
[0044] The effectiveness over use of the gold from pad layer metal level 
adjusts a frequency, and is also in the point that a duplexer makes 
parasitism resonance it not only should to shift the frequency from the 
object frequency by this, but form in the frequency which does not 
operate good. As an example, since, as for a capacitor, energy is 
refused, an established duplexer can be resonated in 1510MHz which does 
not operate good. By adjusting the capacitor stack 134 to 1510MHz, a 
designer can incorporate now the specific parallel resonance machine and 
specific series resonance machine which reduce 1510MHz leakage. This is 
attained without adding an approach step to FBAR manufacture. Adjustment 
of a capacitor stack can only be attained by choosing appropriately the 
thickness of the gold in a stack, and other layers. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are the conventional portable telephone and the block 
diagram of the front-end circuit of the same equipment. 
[Drawing 2] It is the graph which shows the property of the band-pass 
filter of the mold used in drawing 1 . 

[Drawing 3] It is the outline block diagram of the conventional full 
duplex duplexer. 

[Drawing 4] It is the outline block diagram showing an example of the 
band-pass filter of a pair with which a filter becomes one example of 
this invention which has a considerably different effective coupling 
coefficient. 

[Drawing 5] It is the sectional view of FBAR where drawing 4 was chosen. 
[Drawing 6] It is drawing showing the process flow which consists of a 
step which performs drawing 4 and this ipvention explained with 
reference to 5. 

[Drawing 7] It is the block diagram of the electric equal circuit of the 
conventional FBAR formed according to the 1st example of this invention. 
[Drawing 8] It is the block diagram of the electric equal circuit of 
FBAR formed according to the 2nd example of this invention. 
[Drawing 9] It is the vertical section side elevation of a resonator- 
capacitor pair which formed the capacitor on the direct substrate 
according to the 1st approach to the 2nd example shown in drawing 8 . 
[Drawing 10] It is the vertical section side elevation of a resonator- 
capacitor pair which carried mass in the capacitor by the addition of a 
top metal layer according to the 2nd approach to the 2nd example 
achievement shown in drawing 8 . 
[Description of Notations] 
10 Power Amplifier 
12 Transmit Port 
14 Full Duplex Duplexer 
16 Receive Port 
18 Low Noise Amplifier (LNA) 
20 Antenna Port 



22 Antenna 

24 Tx Filter 

26 Rx Filter 

28 Phase Shifter 

30 Passband 

32 Center Frequency 

34 Insertion Loss 

36 38 Roll-off 

40 Transmitting FBAR Array 

42 Receiving FBAR Array 

44, 46, 54, 56, 58, 70, 72, 74, 75, 76 Serial FBAR 

50, 52, 60, 62, 64, 66, 82, 84 Juxtaposition FBAR 

68 Transmitting Band-pass Filter 

73 Receiving Band-pass Filter 

78 Transmit Port 

80 Antenna Port 

86 88 Inductor 

90, 92, 96, 98 Electrode layer 
94, 100 Piezo-electric layer 
102 Substrate 
104, 106 Well 

116 Juxtaposition Electrostatic Capacity 
118 Plate Resistance 
120 Resistance 
122, 124 Contact 
126 Resistance 

128, 132 Electrostatic capacity 

130 Inductance 

134 Capacitor Stack 

136 Substrate 

138 FBAR Stack 

140,144 Well 

142 Gold Layer 
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[Drawing 7] 
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[Drawing 8] 



124^ 




[Drawing 9] 




[Drawing 10] 



H4J 



[Translation done. ] 



